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In this paper a new approach to create antigens through genetic 
engineering is discussed. In this particular case the subunits of V. 
cholerae toxin are used as heterologous epitope carries. In this paper the 
manipulation of A and B subunits is described. This manipulation allows 
both the insertion of epitopes to the B subunit and the use of subunit A 
in the construction of recombinant antigens similar to the ones derived 
from subunit B. 
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Two replicons, pOX38 (in F-f actor derivative lacking all IS elements) and 
pCT105 (containing cholera toxin operon cloned in pBR322) have been fused 
to produce recombinant plasmid, pCO109, which was then introduced into 
Vibrio cholerae . eltor by conjugation. Restriction analysis showed pCO109 to 
dissociate in V. cholerae cells at a higher frequency than in Escherichia 
coli strains, its pOX38 component being lost, while the pCT105 component 
demonstrated relative stability. V. cholerae eltor RV79 (pCT105) produced 
4-5 micrograms /ml of cholera toxin. Occasional insertion of cloned vctA, 
B operon into RV79 chromosome was also observed. 
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The cholera toxin operon (ctxAB) is located on a 7-kilobase pair variable 
genetic element which undergoes genetic duplication and amplification 
events in Vibrio cholerae. Amplif ication of the ctx genetic element was 
investigated by substituting the resident ctx loci of two V. cholerae 
strains with a DNA fragment encoding resistance to kanamycin. Although 
these strains were not normally resistant to greater than 150 micrograms of 
kanamycin per ml, spontaneous derivatives could be obtained that grew well 
on 3 mg of kanamycin per ml. Southern blot analysis of these highly 
resistant isolates demonstrated that the ctx element was amplified 
approximately 20-fold. This amplification process was completely inhibited 
in the absence of a functional recA gene. The V. cholerae RecA protein, 
therefore, is essential for cholera toxin gene amplification. Spontaneous 
deletions of the ctx structural genes were observed in both recA+ and 
recA- V. cholerae strains, although such deletions occurred at a 
21-fold-lower frequency in the latter case. Structural analysis of these 
ctx amplification and deletion events supports a model for their 
formation that involves unequal crossing over between repetitive sequences 
located upstream and downstream of the ctx operon. 
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Analysis of mechanisms of epidermal proliferation induced by 
intracutaneous injection of cholera toxin by the use of site-specifically 
mutated cholera toxins . 
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Intracutaneous injection of cholera toxin (CT) into rabbits increases 
vascular permeability and induces epidermal proliferation. To understand 
the mechanisms of these effects on the skin, we evaluated the involvement 
of the ADP-ribosyltransf erase activity of the A subunit of CT and 
receptor-binding interactions between GMl-ganglioside and the B subunit of 
CT. We constructed two mutant CTs, E112K and W88K, by site-directed 



mutagenesis. Mutant CT-E112K, in which glutamic acid at position 112 
(E112) of the A subunit of CT was replaced by lysine, has been shown to 
have lost its biological activity on Chinese hamster ovary (CHO) cells 
because of its abolished ADP-ribosyltransf erase activity. Mutant CT-W88K, 
in which tryptophan at position 88 (W88) of the B subunit of CT was 
replaced by lysine, has been shown to have lost its binding ability to 
GMl-ganglioside. Intracutaneous injection of these mutant CTs evoked less 
vascular permeability and less epidermal proliferation than recombinant 
wild-type CT . These results suggest that: (1) the ADP-ribosyltransf erase 
activity carried by E112 of the A subunit of CT; and (2) the binding 
ability to GMl-ganglioside via W88 of the B subunit of CT are essential for 
these effects of CT on the skin. 
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Mutants in the ADP-ribosyltransf erase cleft of cholera toxin lack 
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Cholera toxin (CT) , the most commonly used mucosal adjuvant in 
experimental animals, is unsuitable for humans because of potent 
diarrhea-inducing properties. We have constructed two CT-A subunit mutants, 
e.g., serine— phenylalanine at position 61 (S61F), and glutamic 
acid— >lysine at 112 (E112K) by site-directed mutagenesis. Neither mutant 
CT (mCT), in contrast to native CT (nCT) , induced adenosine 
diphosphate-ribosylation, cyclic adenosine monophosphate formation, or 
fluid accumulation in ligated mouse ileal loops. Both mCTs retained 
adjuvant properties, since mice given ovalbumin (OVA) subcutaneously with 
mCTs or nCT, but not OVA alone developed high-titered serum anti-OVA 
immunoglobulin G (IgG) antibodies (Abs) which were largely of IgGl and 
IgG2b subclasses. Although nCT induced brisk IgE Ab responses, both mCTs 
elicited lower anti-OVA IgE Abs. OVA-specific CD4+ T cells were induced by 
nCT and by mCTs, and quantitative analysis of secreted cytokines and mRNA 
revealed a T helper cell 2 (Th2)-type response. These results now show that 
the toxic properties of CT can be separated from adjuvanticity, and the 
mCTs induce Ab responses via a Th2 cell pathway. 
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Genetic manipulation of Vibrio cholerae for vaccine development: 
construction of live attenuated El Tor candidate vaccine strains. 
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The recent spread of El Tor cholera to America augments the need for an 
effective, safe and economical vaccine. In the present paper we describe 
the construction of live attenuated V. Cholerae strains by specifically 
deleting the genes encoding cholera toxin and other putative toxins from 
the bacterial chromosome. To maximize the likelihood of exposing protective 
antigens relevant to currently circulating vibrios we selected for genetic 
manipulation recent epidemic V. cholerae isolates from Peru. The mutant 
strains did not produce cholera toxin in vitro and in vivo. Deletion of 
the virulence cassette was accompanied by marked attenuation in the infant 
mouse cholera model. A selected El Tor Ogawa candidate vaccine strain was 
refractory to acquisition of foreign genes by conjugation with toxigenic 
vibrios. 
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Vibrio cholerae produce a variety of extracellular products that have 



deleterious effects on eukaryotic cells. The massive diarrhoea produced 
by V. cholerae is caused by cholera toxin (CT) . CT is composed of 1A and 5B 
units. CT causes a significant amount of fluid secretion and haemorrhage in 
the ligated rabbit ileal loops. Its action involves the role of various 
biochemical pathways. CT acts by activation of adenylate cyclase-cAMP 
system located at the basolateral membrane of intestinal epithelial cells. 
The increase in cyclic AMP levels is mainly responsible for the altered 
transport of Na+ and C1-. Besides activating cAMP, CT is also known to act 
through release of prostaglandins and involvement of intramural nerves. 
Besides CT, other bacterial toxins like Escherichia coli LT, Salmonella 
toxin, Shigella toxin and Campylobacter toxin also possess A-B structure. 
The structure and function of E. - coli LT resembles closely that of CT. Most 
of the bacterial toxins exert their effect through involvement of 
ADP-ribosylating proteins whereas other toxins involve guanylate cyclase 
system, calcium and protein kinases for their ultimate action. (84 Ref s . ) 
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Cholera toxin (CTX) genetic element in Vibrio cholerae 0139. 

Bhadra R K; Roychoudhury S; Banerjee R K; Kar S; Majumdar R; Sengupta S; 
Chatterjee S; Khetawat G; Das J 

Biophysics Division, Indian Institute of Chemical Biology, Calcutta. 
Microbiology (Reading, England) (ENGLAND) Aug 1995, 141 ( Pt 8) 
pl977-83, ISSN 1350-0872 Journal Code: 9430468 
Erratum in Microbiology 1995 Dec; 141 (Pt 12) 3251 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 
Subfile: INDEX MEDICUS 

PFGE analysis of the NotI- and Sf il-digested genome of Vibrio cholerae 
0139 strains isolated from different epidemic regions of India showed that 
all the strains are of clonal origin and the genome size is about 2.2 Mb. 
An analysis of the electrophpretic profiles of the genome of 0139 strains, 
the RFLP of the cholera toxin (ctx) gene and Southern blot hybridization of 
Notl-digested genomes of classical, El Tor and 0139 with a Notl-linking 
clone of classical strain 569B, suggest that these strains closely resemble 
V. cholerae 01 biotype El Tor, but are widely different from the classical 
01 vibrios. Using restriction enzymes which cleave a single site in either 
the core region or in the direct repeat sequence (RS) of the CTX genetic 
element, it has been shown that the genome of most of the 0139 strains has 
two copies of the ctx gene in tandem connected by two RSs . The chromosomal 
location of the CTX genetic element in the 0139 strain is the same as that 
reported for El Tor vibrios. The organization of the virulence gene 
cassettes in different 0139 strains shows genetic heterogeneity in the 
population. Whilst most of the epidemic strains have two copies of the CTX 
genetic element, in some strains the number of elements has been amplified 
and in at least one strain a single copy of the element has been deleted . 
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In 1992, a serologically novel clone of Vibrio cholerae, designated 0139, 
caused large epidemics of diarrhea in India and Bangladesh. To determine 
the extent of the spread of V. cholerae 0139 worldwide, 484 V. cholerae 
non-01 strains isolated from different patients with diarrhea in Thailand, 
Indonesia, the Philippines, and Peru in 1993 were tested for agglutination 
in 0139 antisera. One hundred fifty-one of these 484 isolates were examined 
for genes encoding cholera toxin, zonula occlulans toxin, the repetitive 
sequence 1, and the toxin coregulated pilin A (the V. cholerae virulence 
gene complex) . Thirty-three percent (122 of 364) of V. cholerae non-01 
strains > isolated from different patients with diarrhea in Thailand 
agglutinated in 0139 antisera. Ninety-eight percent (120 of 122) of V. 
cholerae 0139 contained the V. cholerae virulence gene complex. None of the 
104 V. cholerae non-01 strains isolated from patients with diarrhea in 
Indonesia or the 14 strains from patients with diarrhea in the Philippines 
were serotype Ol39. Four different ribotypes were found in V. cholerae 0139 
isolated in Asia. Twenty-three ( 47 %) of 49 Thai 0139 strains examined 
were of different ribotypes than isolates from India and Bangladesh; V. 
cholerae strains that were not 01 or 0139 that were isolated from flies and 
water in Thailand 11 years previously in 1981 contained the same V. 
cholerae virulence gene complex found in V. cholerae 01 and 0139. This 
suggests that other unidentified virulence determinants are involved in V. 
cholerae 0139 pathogenesis. 
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for the wild-type copy in the previously cloned ctxAB operon from El Tor 
biotype, Ogawa serotype Vibrio cholerae strain 3083, which produces CT-2 . 
Further, the zonula occludens toxin gene, zot, was inactivated by an 
insertional mutation to create the new plasmid construct pCT-2*. 
Additionally, a DNA fragment encoding the B subunit of CT-1 (CT produced by 
classical biotype, Inaba serotype V. cholerae strain 569B) was exchanged 
for the homologous part in pCT-2*, resulting in the creation of pCT-1*. 
These plasmid constructs were introduced into the CT-negative V. cholerae 
mutant strain JBK70 (El Tor biotype, Inaba serotype) ; CT-A-B+ derivatives 
CVD101 and CVD103 of classical biotype Ogawa and Inaba serotype strains 395 
and 569B, respectively; El Tor biotype Inaba and Ogawa serotype strains 
C6706 and C7258, respectively, recently isolated in Peru; and 0139 (synonym 
Bengal) strain SG25-1 from the current epidemic in India. Recombinant 
toxins (CT-1* and CT-2*), partially purified from culture supernatants of 
transformed JBK70, were shown to be inactive on mouse Yl adrenal tumor 
cells and in an in vitro ADP-ribosyltransf erase assay. CT-1* and CT-2* 
reacted with polyclonal and monoclonal antibodies against both A and B 
subunits of CT , The toxin analogs reacted with antibodies against CT-A and 
CT-B on cellulose acetate strips and in a GM1 enzyme-linked immunosorbent 
assay; they reacted appropriately with B-subunit epitype-specif ic 
monoclonal antibodies in checkerboard immunoblots, and they formed 
precipitin bands with GMl-ganglioside in Ouchterlony tests. However, the 
reactions of the modified proteins with anti-A-subunit monoclonal 
antibodies were weaker than the reactions with wild-type holotoxins . V, 
cholerae strains carrying ctxA*, with either ctxB-1 or ctxB-2, and 
inactivated zot genes were created by homologous recombination. The 
recombinant strains and the purified toxin analogs were inactive in the 
infant rabbit animal model . (ABSTRACT TRUNCATED AT 400 WORDS) 
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Cholera toxin (CTX) is composed of two subunits, subunit A, which 
possesses ADP-ribosyltrans f erase activity, and subunit B, which is 
responsible for receptor binding. It has previously been shown that agents 
that increase cyclic AMP (cAMP) levels in cells induce differentiation of 
PC12 cells into neurite-like cells. In this report, we show that as little 
as 100 pg of CTX per ml induces such changes. CTX was found to 
ADP-ribosylate at least four membrane proteins of PC12 cells in vitro and 
in vivo and to increase intracellular cAMP levels. We have developed an 
inducible ctx gene expression system in Vibrio cholerae by using the tac 
promoter. The culture medium of the CTX-producing bacteria was able to 



induce the morphological changes and the ADP-ribosylation of the PC12 cell 
membrane proteins. We have constructed two CTX-cross-reactive mutant 
proteins ( CTX - CRM ) by site-directed mutagenesis. The choice of 
glutamic acid 29 as the target amino acid was based on sequence 
similarities with other bacterial toxins. CTX - CRM -E2 9 delta, in which 
the Glu - 29 of the A subunit was deleted , showed strongly reduced 
ADP-ribosyltransferase activity and did not induce significant 
morphological changes of PC12 cells. In contrast, CTX - CRM -E29D, in 
which the Glu - 29 was replaced by an aspartic acid, was as active as the 
wild-type protein. We conclude that the ADP-ribosylation activity of CTX is 
important for the toxin-induced differentiation of PC12 cells. Pertussis 
toxin, which had no visible effect on PC12 cell morphology, was also able 
to ADP-ribosylate a membrane-bound protein (s) in vitro and in vivo. 
Pertussis toxin alone did not significantly increase cAMP levels in PC12 
cells, but it acted synergistically with CTX. 
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Investigation of intracellular pathways of stimulus-secretion signaling 
in vivo is possible by transgenic expression of agents known to influence 
specific biochemical interactions in the cells. The objective of the 
present study was to establish an experimental model for analyzing signal 
transduction mechanisms in pancreatic beta-cells in vivo, by expressing the 
cholera toxin Al subunit under control of the insulin promoter, intending a 
constant activation of the Gs-protein, and thereby constant generation of 
cAMP. Surprisingly, the transgenic mice demonstrated mild hyperglycemia and 
hypoinsulinemia in vivo, and diminished glucose-induced insulin release 
from the in vitro perfused pancreas, whereas the pancreatic insulin content 
was normal. These observations suggest a deficiency in either the insulin 
release mechanisms or glucose recognition. Although the translated cholera 
toxin Al subunit was biologically active, there was no increase in the 
islet content of cAMP . We conclude that the observed phenotype in the 
cholera toxin transgenic mice may be caused by a deleterious effect of 
the transgene itself on beta-cell function, or that counter regulatory 
mechanisms may compensate for the transgene-induced changes in 



intracellular enzymatic pathways. 
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The recent expansion of the seventh cholera pandemic into South America 
emphasizes the need for a safe, long-lasting, protective, and 
nonreactogenic vaccine for this disease. Since the predominant Vibrio 
cholerae 01 strains in the world today are of the El Tor biotype, a 
bivalent vaccine containing both classical and El Tor biotypes may be 
desirable. We have constructed a new oral vaccine candidate, V. cholerae 
CVD110 El Tor, Ogawa, from which all toxin genes so far identified in V. 
cholerae have been deleted . Three of these genes, those encoding cholera 
toxin (ctx), zonula occludens toxin (zot), and accessory cholera 
enterotoxin (ace), are located on a 4.5-kb virulence cassette flanked by 
repetitive sequences (RSI elements) . Homologous recombination between these 
RSI elements resulted in the deletion of this virulence cassette to yield 
V. cholerae CVD109. Insertion of genes encoding mercury resistance (mer) 
and the cholera toxin B subunit (ctxB) into the hemolysin locus (hlyA) 
produced CVD110. This insertion serves three purpose, (i) It genetically 
tags the vaccine strain so as to distinguish it from wild-type V. cholerae 
01. (ii) It produces cholera toxin B subunit in order to elicit antitoxic 
immunity. (iii) It inactivates the hemolysin gene, rendering the strain 
nonhemolytic on sheep erythrocyte plates . Supernatants from V. cholerae 
CVD110 cultures are nonreactogenic when assayed in Ussing chambers. 
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